1.
Introduction Satiety refers to a subjective sense of a loss of motivation to eat after an eating episode (de Graaf, 2011) . In modern society, an overwhelming supply of highly rewarding foods that can be quickly eaten often undermines a healthy control of satiety. In such a food environment, to eat in moderation is often regarded as a healthy diet style, as the saying goes, "Stop short of your appetite." In Japan, it is traditionally referred to as 'Hara-Hachibu', which means a subjective sense by which we decide to stop eating just before the motivation to eat is completely lost ('Hachibu' means 80%). Interestingly, this concept is similar to caloric restriction (CR) (a recommended approximately 20% reduction in daily energy intake) which has recently been shown to protect against abdominal obesity, diabetes, hypertension, cardiovascular diseases and cancer as well as to have beneficial effects on the aging process (Omodei and Fontana, 2011) . The important thing is that we can rarely weigh or calculate the amount of food or calories at every meal in order to adhere to the CR, but in real life, we almost always rely on our own standards for "Stop short of your appetite" philosophy or 'Hara-Hachibu' based on the subjective scale of satiety in individuals. Accordingly, this sense is one of the subjective targets for CR in real life. So far, however, little is known about the neural basis of the 'Hara-Hachibu' condition and why many people cannot stop eating before they have reached satiety.
Elucidation of the psychobiological mechanisms of appetite and satiety regulation is presently an active area of research. A comprehensive vision of satiety has been proposed in which various psychological and physiological signals triggered by the consumption of food affect the appetite sensations and the subsequent pattern of eating (Blundell, 2010) . These signals are based on information associated with meal quality and quantity and energy balance. Brain centers involved in sensations, feelings and homeostasis receive and integrate these signals into satiety (Blundell, 2010) . In particular, insular cortex is known to be a critical platform which integrates interoceptive states based on information from sensory nerves (e.g., hungry or satiated, gustatory sensation, and visual information) into conscious feelings and decision-making processes (e.g., the decision to eat) that involve uncertain risk and reward (Damasio, 1999; Naqvi and Bechara, 2010) . Recently, several lines of studies assessing regional cerebral blood flow (rCBF) by brain imaging techniques such as positron emission tomography (PET) and functional magnetic resonance imaging (fMRI) have shown such activation of insular cortex in appetite studies (Tataranni et al., 1999; Gautier et al., 2000; DelParigi et al., 2004; Small et al., 2001; de Graaf and Kok, 2010; Kobayashi et al., 2004; Simmons et al., 2005; Kikuchi et al., 2005) .
Although PET and fMRI have established an important position in neuroscience research owing to excellent specificity and spatial resolution, these neuroimaging techniques are generally thought to be less suitable for studying the temporal aspect of rapid neuronal events since the hemodynamic response evolves in seconds rather than milliseconds (Boynton et al., 1996) . Accordingly, these methods are limited in detecting instantaneous responses to visual presentations of food cues, and the evaluation of such instantaneous responses might give us a novel perspective on the automatic responses (like an inevitable reflex) of the brain to visual stimuli of food. Magnetoencephalography (MEG) monitors electrophysiological activity inside the brain by measuring induced electromagnetic fields using electric or magnetic sensors over the scalp surface (Nunez and Srinivasan, 2005; He, 2004; Hämäläinen et al., 1993) and it has an intrinsic high temporal resolution that allows tracking of rapid neurophysiological processes at the neuronal time scale of milliseconds. This high temporal resolution enables us to determine the flow of neural circuitry formed among multiple brain areas and/or to locate a particular brain area related to appetitive motives by capturing patterns of activity. Several methods are known for analyzing MEG data including equivalent current dipoles (ECDs) and event-related desynchronization/synchronization (ERD/ERS). In particular, the ECDs method enables us to capture immediate responses of neural activity after sensory stimuli. In our recent studies, ECDs in the insular cortex were detected approximately 300 ms after the onset of food picture presentation in response to gustatory imagery tasks (Kobayashi et al., 2011) or to viewing with appetitive motives under Fasting condition (Yoshikawa et al., 2013) . Interestingly, the intensities of the magnetic responses to food pictures showed a wide variability among the participants, and were significantly correlated with the scores of Power of Food Scale (PFS) which was developed to measure individual differences in motivations to eat beyond physiological need (Lowe et al., 2009 ). These findings suggest the possible involvement of insular cortex in the neural processes of the motivations to eat immediately after visual exposure of food pictures. Although these findings contributed to clarify the neural basis of the motivation to eat, changes in these instantaneous responses of insular cortex after a meal were not investigated. In addition, insular cortex receives several lines of sensory signals induced by gustatory and olfactory stimuli and gastric distention as well as visual stimuli during and after the meal. These preoccupied signals on interoceptive platform of insular cortex might affect the response to visual exposure of foods even when the motivation to eat is not completely lost (Damasio, 1996) .
The aim of the present study was to examine the effect of the 'Hara-Hachibu' postprandial condition on neural responses of insular cortex to food pictures. We compared the responses of insular cortex related to appetitive motives immediately after presentation of food images as assessed by MEG in the Fasting state with those in the postprandial state. We designed to set the postprandial state where each participant judged himself to have eaten shortly before reaching satiety ('Hara-Hachibu' condition). In order to assess the activities of insular cortex caused by preoccupied signals without visual stimuli of food images, we used mosaic images as a control, and we performed the MEG recordings under four conditions (food images in the Fasting condition, mosaic images in the Fasting condition, food images in the 'Hara-Hachibu' condition, and mosaic images in the 'HaraHachibu' condition). In addition, we performed correlation analysis between the subscale and aggregated scores of PFS and the intensities of the MEG responses.
Results

2.1.
Rating scores of hunger before MEG recordings, those of appetitive motives during presentation of food pictures, and length of time and amount of consumption of rice balls Before the MEG recordings on the day of Fasting condition, all the participants rated their subjective levels of hunger as moderate to excessive (1.770.5 on a 5-point Likert-type scale), while they rated as less hunger (4.070.0 on a 5-point Likert-type scale) on the day of 'Hara-Hachibu' condition. The average length of time spent in consumption of rice balls for the 'Hara-Hachibu' condition was around 10 min, and the average amount of rice balls consumed was 365.5772.0 g. For the subjective levels of appetitive motives during the MEG recordings, they replied "yes" for most of the food pictures presented (17.672.9 in 20 food items presented) under the Fasting condition, while the responses of "yes" for food pictures were significantly lower (10.377.2 in 20 food items presented) under the 'Hara-Hachibu' condition (P¼ 0.004).
MEG data
After epochs with artifacts were excluded from analyses by visual inspection, the mean number of epochs used in the analysis was shown in were not shown in the latencies. There were not significant differences in the latencies among the four conditions. While we could identify the magnetic response in the insular cortex for all participants who viewed food pictures (nine in the right hemisphere, and two in the left hemisphere) in the Fasting condition, the MEG responses in the insular cortex in the 'Hara-Hachibu' condition were observed in nine of 11 individuals who viewed food pictures (eight in the right hemisphere, and one in the left hemisphere). Two participants showed responses to mosaic pictures in this brain region (in the left hemisphere alone) in the Fasting condition; such responses to mosaic pictures were detected in all participants (eight in the right hemisphere, and three in the left hemisphere) in the 'Hara-Hachibu' condition. Two participants with insular response to food pictures in the left hemisphere during the Fasting condition were different from two participants without any insular response to food pictures in the 'Hara-Hachibu' condition, and also different from two participants who showed insular responses to mosaic pictures during the Fasting condition. Some individuals exhibited multiple activities in the insular cortex; for these subjects, the MEG response with the maximal intensity of ECDs was defined as the primary MEG response. Since the absence of ECDs means that insular cortex did not exhibit any significant responses, the intensities of the MEG response were regarded to be zero in the cases where no significant ECDs were observed. The peak latencies of the magnetic responses after the onset of food picture presentation in the Fasting condition were significantly correlated with those in the 'Hara-Hachibu' condition (r¼ 0.967, Po0.001) ( Fig. 2A ). In contrast, no significant correlation was observed in the intensity of ECDs between the two conditions (r¼ 0.232, P¼ 0.492) ( Time ( b r a i n r e s e a r c h 1 5 6 8 ( 2 0 1 4 ) 3 1 -4 1 pictures in the Fasting condition (P¼ 0.005) and those after food pictures in the 'Hara-Hachibu' condition (P¼ 0.012) (Fig. 3 ).
2.3.
Relationship among the intensity of the primary MEG responses in the insular cortex, the scores of PFS, and the appetitive motives during the MEG recordings No significant correlations were observed between the intensities of the MEG responses and the appetitive motives during the MEG recordings expressed as the number of food items. However, in the Fasting condition, the intensities of the MEG responses to food pictures were significantly correlated with the subscale scores of factor-1 (food available) (r¼0.799, P¼ 0.003) and those of factor-2 (food present) (r¼0.849, P¼ 0.001) as well as the aggregated scores of PFS (r¼ 0.787, P¼ 0.004). Of particular note is that, in the 'Hara-Hachibu' condition, there were significant correlations between the intensities of the MEG responses to food pictures and the subscale scores of factor-3 (food tasted) (r¼ 0.693, P ¼0.018) as well as the aggregated scores of PFS (r¼0.659, P¼ 0.027). A similar trend was found for the subscale scores of factor-1 (food available) (r¼ 0.595, P ¼0.054). However, the correlation did not reach statistical significance for those of factor-2 (food present) (r¼ 0.503, P ¼0.115) (Fig. 4) . The intensities of the MEG responses were not significantly correlated with the amount (g) of rice balls consumed before experiment (r¼ 0.325, P¼ 0.330).
Discussion
The present study showed that the MEG responses of insular cortex were evoked within 500 ms after viewing food pictures with appetitive motives in the 'Hara-Hachibu' condition where each participant judged himself to have eaten just before the motivation to eat is completely lost, and that the responses were significantly suppressed in the intensity compared with those in the Fasting condition. While the MEG responses in the insular cortex were detected for only two participants who viewed mosaic pictures in the Fasting condition, the responses were observed paradoxically for all of the participants in the 'Hara-Hachibu' condition. The intensities of the MEG responses to food pictures in the 'Hara-Hachibu' condition showed a wide variability among the participants, and were significantly correlated with the subscale scores of factor-3 (food tasted) and the aggregated scores of PFS in contrast to those of factor-1 (food available) and factor-2 (food present).
In general, food intake follows a series of complicated structures of motivated behavior. First, food causes multisensory responses not only by intraoral sensation such as taste, texture and temperature but also by visual and olfactory stimuli and esophageal and gastric distension. Next, such external and visceral sensory inputs are processed and integrated with reward and memory systems, as well as cognitive and emotional responses, leading to an incentive b r a i n r e s e a r c h 1 5 6 8 ( 2 0 1 4 ) 3 1 -4 1 value of the food. Food ingestion is initiated and repeated under the interaction of this incentive value with an internal state, such as the state of energy balance until satiation. Food ingestion is the outcome of integration of stimulatory, inhibitory, and disinhibitory neural networks combining sensory, metabolic, autonomic, and cognitive information. The brain seems to determine when it is time to start or stop eating and coordinates the autonomic and somatic motor systems, resulting in eating behaviors and habits in individuals. To date, we have begun to better understand the neural networks associated with the processes involved in eating behavior by using PET and fMRI. According to the motivation model of eating behavior described above, various neuroanatomical components are thought to be nodes of the network and to play distinct but integrated roles in the process of appetitive function, including the physiological response to the internal state in the brain stem and hypothalamus, and the more complex motivational and affective responses in the striatum, insula, amygdala and prefrontal cortex. These activities in the nodes of the networks reflect specifically the influence of either intrinsic or extrinsic factors on motivation. In particular, the insular cortex is an important multimodal integration node, described as a convergence zone for external and internal stimuli. While earlier neuroimaging studies on eating behavior have found differences in brain activity between the states of hunger or acute satiation (Tataranni et al., 1999; Gautier et al., 2000; DelParigi et al., 2004) , recent studies focused mainly on a neural network of brain regions that are activated in response to visual food cues in normal weight or obese individuals (García-García et al., 2013) . The present study was in line with the latter studies, designed to describe the brain activity correlates of appetitive motivation in response to visual food cues. In our previous MEG study, ECDs were detected in the insular cortex in all participants who viewed food pictures with appetitive motives in the Fasting condition approximately 300 ms after the onset of each picture presentation (Yoshikawa et al., 2013) . The present study demonstrated that similar ECDs were detected in all 11 participants in the Fasting and in 9 of the participants (81.8%) in the postprandial condition when they viewed the food pictures with appetitive motives. While there were not significant differences in the latencies among the conditions, the ECDs observed in the 'Hara-Hachibu' condition appeared to coincide with the time of those in the Fasting condition ( Fig. 2A) , indicating that the neural substrates activated by visual food cues during the Fasting and 'HaraHachibu' conditions were similar. In contrast, no significant correlation was observed in the intensity of ECDs evoked by visual food cues between two conditions (Fig. 2B) , and the intensities of ECD in the 'Hara-Hachibu' condition were significantly reduced compared with those in the Fasting condition (Fig. 3) . Previous studies using PET and fMRI demonstrated that, while hungry (Fasting) state is associated with increased rCBF in the insular cortex in response to visual food-related stimuli, satiation is associated with reduced insular rCBF (Hinton et al., 2004) . Although the 'Hara-Hachibu' condition does not completely coincide with the satiated condition in previous studies, it is likely that these two conditions partly share similar brain response. However, it is noteworthy that the previous observation by PET and fMRI might represent accumulated effects of the instantaneous responses within one second as seen in the present study because these neuroimaging techniques detect the hemodynamic response that evolves over seconds (Boynton et al., 1996) . The observed contrast in the intensity of ECDs between two conditions indicates the presence of inhibitory mechanisms in the response of insular cortex to the visual food cues in the 'Hara-Hachibu' condition compared with that in the Fasting condition. One possibility is that acute alteration in external and visceral sensory inputs or in the state of energy balance (possibly from hypothalamus) might affect the integration of the central or peripheral information and suppress the subsequent instantaneous activation in insular cortex induced by the stimuli of visual food cues. In this context, the fact that the number of participants with a significant intensity of ECDs in response to mosaic pictures in the 'Hara-Hachibu' condition was paradoxically greater than that in the Fasting condition might provide some insight into the mechanism whereby the MEG responses in insular cortex differed between the two dietary conditions. One might infer that some neuronal signals are evoked even by simple visual stimuli without any sense of food, like mosaic pictures, during the time span of milliseconds in the 'Hara-Hachibu' condition compared with those in the Fasting condition, and these preoccupied signals disturb the activation of insular cortex in response to visual stimuli containing the meanings of food. In addition, we cannot think that the neuronal states induced by mosaic pictures represent a zero point to assess those by the food pictures. And it might be that simple subtraction of the signal intensities in the 'HaraHachibu' condition from those in the Fasting condition (or vice versa) is inappropriate for examining the effect of visual stimuli of food cues on neuronal responses in the 'HaraHachibu' condition. Another interesting point is the significant association of intensities of the insular magnetic responses to food pictures in the 'Hara-Hachibu' condition with the aggregated scores and the subscale scores of factor-3 (food tasted) of PFS. Similarly, activities in the insular cortex were also reported to be associated with the measures of daily dietary behavior, such as external eating assessed by Dutch Eating Behaviour Questionnaire (DEBQ) in patients with diabetes (Chechlacz et al., 2009) , and with subjective ratings of appetite during the presentation of food-related stimuli in healthy young individuals (Porubská et al., 2006) . In contrast to these studies, we used the questionnaire of PFS which was designed to examine directly individual differences in the appetitive motives in the face of incentive of food (food available, present or tasted) in daily life. In our recent report, significant correlations were observed in the Fasting condition between the intensities of the MEG responses and the aggregated scores and the subscale scores of factor-1 (food available) and those of factor-2 (food present) of PFS (Yoshikawa et al., 2013) . The correlations were replicated in the present study. Combined with the results, while the intensities of magnetic responses of insular cortex in the Fasting condition were correlated with self-awareness of appetitive motives when food is available or present before tasting, those in the 'Hara-Hachibu' condition were more correlated with the self-awareness of motives after tasting. The findings are plausible in the view of one-to-one correspondence between dietary condition (Fasting or 'Hara-Hachibu') and the setting of PFS (before or after tasted). In other words, the insular cortex in some individuals might tend to be more reactive to information about food cues before eating, and the brain area in others might be susceptible to the visual stimuli of food even after they have eaten (in the 'Hara-Hachibu' condition). Such tendencies of acute activity in insular cortex might lead to selfawareness of their appetitive motives in daily dietary life. It is thought that the sensitivity of the insular cortex to visual food stimuli might be genetically inherited or acquired (learned) later in life. Previous animal studies showed that the gustatory insular cortex is involved in encoding changes in the incentive value assigned to instrumental outcomes on the basis of prevailing motivational conditions (Balleine and Dickinson, 2000) , supporting the latter acquired (conditioned) theory. Accordingly, conditioning is one of the possible mechanisms of the observed association of insular cortex activity with subscale scores of factor-3 of PFS in the 'Hara-Hachibu' condition as well as the factors-1 and 2 of PFS in the Fasting condition. It is interesting to speculate as to whether and how the conditioning-related sensitivity of the insular cortex to visual food stimuli can be altered by life-style changes such as overfeeding (Cornier et al., 2009 ) and exercise (Cornier et al., 2012; Evero et al., 2012) . Future investigation will be needed to elucidate the mechanism whereby the conditioned instantaneous responses of insular cortex can be altered. The present study has several potential limitations. Firstly, we examined the brain activity in normal-weight young males without apparent eating disorders. Regarding females, we did not have any participants willing to consent to the MEG experiment given that need to remove all metallic elements (including brasseries and jewelry). In order to clarify the neural mechanisms of appetitive motivation in general, further studies using similar MEG analytic methods will be needed in subjects with a current and/or past history of obesity in both sexes over a wide age range. Secondly, in preliminary experiments, we could not observe any significant correlation of brain activities in the dorsolateral cortex (DLPFC) and orbitofrontal cortex (OFC) with the subscale scores of PFS. In particular, functional connectivity from the OFC to the insular cortex and of temporal characteristics within these two regions would have been particularly relevant to this issue and it deserves to be investigated. Thirdly, the design of the present study focused on brain activity caused by visual food cues. Since appetitive motivation can be evoked through multiple sensory systems, in order to generalize the results of our data, future studies using other sensory modalities are essential. Fourthly, we need to examine how the brain activities in the condition of 'Hara-Hachibu' differ from those in the fed/satiated condition studied in previous experiments. These include the similarities and differences in the timing of the responses of insular cortex by exposure of visual food cues between these conditions. To that end, it is necessary to include the fed/satiated condition in the design of future studies on the 'HaraHachibu'. Fifthly, although we did not collect data about calories consumed, more detailed analysis of calories consumed and its relation to the intensity of activity in the 'HaraHachibu' condition could potentially account for a significant portion of between-subject variability in intensities of the MEG responses to food pictures. Sixth, a small number of subjects were recruited in the present study. A large population study will be necessary to confirm the present results. Lastly, we cannot draw conclusions about cause-and-effect relationships because of the cross-sectional nature of our data.
In summary, the present study revealed that instantaneous neuronal activities of insular cortex induced by visual food cues are suppressed in the postprandial condition just before the motivation to eat is completely lost ('Hara-Hachibu' in Japanese) compared with those in the Fasting condition, and more interestingly, that the signal intensities of the insular cortex in the 'Hara-Hachibu' condition are associated with the self-awareness of appetitive motives after tasting the food, in contrast with the findings in the Fasting condition. These results provide novel evidence of differential contribution of the insular cortex to appetitive networks depending on dietary conditions, which may help us elucidate the neural basis of the variability of appetite phenotypes in the 'Hara-Hachibu' condition among individuals. Additionally, these results may aid in the development of strategies for maintaining a 'Hara-Hachibu' diet (adequate CR), which is always challenging in daily life.
4.
Experimental procedures
Participants
Eleven healthy, right-handed male volunteers with normal body weight [age, 27.279.6 years; height, 170.574.7 cm; body weight, 65.778.2 kg; body mass index (BMI), 22.672.1 kg/m 2 (mean7SD)] were enrolled. Current smokers were excluded because their smoking habit is known to be associated with eating behaviors (Bruijnzeel, 2012; Naqvi and Bechara, 2010) and it might disturb the brain activities related to appetitive responsiveness. Participants with a history of mental or neurological disorder were excluded because these disorders might affect their subjective appetitive motives assessed by PFS and brain activities assessed by MEG. And participants taking chronic medications that affect the central nervous system were also excluded. The protocol was approved by the Ethics Committee of Osaka City University, and all the participants gave written informed consent to participate in the study.
Experimental design
Experiments were conducted in a quiet, temperaturecontrolled and magnetically shielded room at Osaka City University Hospital. Each participant was asked to visit to the laboratory on two separate days. One day was for the experiment of the Fasting condition and the other day was for that of 'Hara-Hachibu' condition, and the order of the two days was randomly assigned for each participant (Fig. 5A ). For one day before each visit, they were instructed to finish dinner by 9:00 p.m. and to fast overnight (they were only allowed to have water), to avoid intensive physical and mental activity, and to maintain normal sleeping hours. After the visit assigned to Fasting condition, they were asked to rate their subjective level of hunger on a 5-point Likert-type scale ranging from 1 (Yes, I am very hungry) to 5 (No, I am not hungry at all). Immediately after the rating, we started MEG recordings. On the day of 'Hara-Hachibu' condition, they consumed rice balls as much as they judged themselves to have consumed shortly before reaching satiety (so that they still had motivation to eat). Then, they were asked to reply to the same 5-point Likert-type scale just before the MEG recordings. The amount (g) of consumed rice balls was measured. The MEG examination consisted of two food sessions and two control sessions in an alternating and counterbalanced order (Fig. 5B) . Pictures of food items were presented as visual stimuli during the food sessions. In addition, the mosaic pictures created from the same pictures of food items were used as visual stimuli during the control sessions. The rationale for using mosaic pictures of the same food items was to examine the brain activities evoked by visual stimuli with properties similar to the original food images in the condition where participants were not motivated. Mosaic pictures were made using commercial software (Adobe Photoshop Elements 6.0, Adobe Systems Inc., San Jose, CA): All of the food pictures were divided into a 30 Â 30 grid and randomly reordered by a constant algorithm. This rearrangement made each picture unrecognizable as a food. The original images used to generate the mosaic pictures were not disclosed to the participants. They were instructed not simply to recall the memory of eating experience but to have appetitive motives as if they brought each food to their own mouth every time when the food items were presented during the food sessions, and to view the mosaic pictures during the control sessions without thinking anything. The intersession intervals were set at 1 min. While in a supine position on a bed, they were requested to keep both eyes open and to fixate on a central point throughout the sessions. Immediately after finishing the MEG experiment, they were asked yes-or-no questions for each food item whether they had motivation to eat the food (as if they brought the food to their own mouth) during MEG recording. The subjective levels of appetitive motives during the MEG recordings were expressed as the number of food items to which they replied "yes".
Stimulus presentations
Each session consisted of 100-picture sets comprising 2-s stimulation periods followed by 1-s inter-stimulus intervals ( Fig. 6A and B) . Twenty pictures of typical modern Japanese food items were used including steak, croquettes, hamburger, tempura, chicken nuggets, french fries, pizza, spaghetti, ice cream, fried dumplings and fried rice (Science and Technology Agency, 2005) . Each picture was used 5 times to construct the 100-picture set. Because adding food pictures might increase the variability in the food preference among individuals, we used only 20 unique food images. The sequences of pictures for presentation were randomly assigned for each participant. Before the day of the examination, each participant was asked to rate each picture for food preference in order to ensure that . Participants were enrolled in a randomized, two-crossover experiment (Fasting or 'Hara-Hachibu' conditions). Before the MEG recordings in the 'Hara-Hachibu' condition, the participants consumed rice balls as much as they judged themselves to have consumed shortly before reaching satiety. Each experiment consisted of two food sessions and two control sessions in an alternating and counterbalanced order. Pictures of food items were presented as visual stimuli during the food sessions, and mosaic pictures of food items were presented as visual stimuli during the control sessions.
disliked food items were not presented. But all of the participants did not dislike any of the twenty food items above. These pictures were projected on a screen placed in front of the participants' eyes using a video projector (PG-B10S; SHARP, Osaka, Japan). The viewing angle of the pictures was 18.4 Â 14.01.
MEG recordings
MEG recordings were performed using a 160-channel wholehead type MEG system (MEG vision; Yokogawa Electric Corporation, Tokyo, Japan) with a magnetic field resolution of 4 fT/Hz 1/2 in the white-noise region. The sensor and reference coils were gradiometers 15.5 mm in diameter and 50 mm in baseline, and each pair of sensor coils was separated at a distance of 23 mm. The sampling rate was 1000 Hz with a 0.3 Hz high-pass filter.
MEG analyses
The MEG signal data corresponding to pictures of food items and mosaic pictures were separately analyzed and each data point was averaged offline after analog-to-digital conversion with a band-pass filter of 3-30 Hz. The mean magnetic signal in the pre-stimulus time period (from 0 to 500 ms before the start of each visual stimulus) was subtracted in each channel to remove the baseline shift of MEG data. Epochs including artifacts such as eye blinks and eye movements identified by visual inspection were excluded from the analyses. To identify the sources of the evoked activities, ECD analyses were performed using commercial software (MEG 160; Yokogawa Electric Corporation). The ECDs with goodness of fit (GOF) values above 90% were used, based on a previous report (Bowyer et al., 2003; Dalal et al., 2008; Sekihara and Nagarajan, 2008) .
Magnetic resonance imaging overlay
Anatomical magnetic resonance imaging (MRI) was performed using a Philips Achieva 3.0TX (Royal Philips Electronics, Eindhoven, the Netherlands) to permit registration of magnetic source locations with their respective anatomical locations. Before MRI scanning, five adhesive markers (Medtronic Surgical Navigation Technologies Inc., Broomfield, CO) were attached to the skin of their head (the first and second ones were located at 10 mm in front of the left and right tragus, the third at 35 mm above the nasion, and the fourth and fifth at 40 mm right and left of the third one). The MEG data were superimposed on MR images using information obtained from these markers and MEG localization coils.
Power of Food Scale (PFS)
The PFS is a questionnaire comprised of 15 items scored on a 5-point Likert-type scale ranging from 1 (Do not agree at all) to 5 (Strongly agree), with higher scores indicating greater responsiveness to food environment (Lowe et al., 2009) . Based on previous factor analyses, the PFS has been shown to contain a three-factor structure of food proximity consisting of: (1) 'food available', which describes the reaction when food is not physically present but is always available; (2) 'food present', which characterizes the reactions to palatable foods when they are physically present, but have not yet been tasted; and (3) 'food tasted', which characterizes the reactions to palatable foods when first tasted, but not yet consumed. According to previous studies using the PFS (Yoshikawa et al., 2012; Cappelleri et al., 2009; Schultes et al., 2010) , the subscale scores for PFS are calculated as the average scores of all items included in each subscale (ranged 1-5) as well as aggregated factor scores as the average scores of all 15 items (ranged 1-5).
The participants completed the PFS before the MEG recordings. , were used. The order of the picture presentation was randomized for each series, and the sequences of pictures for presentation were randomly assigned to each participant. The mosaic pictures created from the pictures of food items were used as visual stimuli in the same sequences as the food pictures during the control sessions. Each picture was presented for 2.0 s followed by a fixation cross for 1.0 s.
4.8.
Statistical analyses
Data are expressed as mean7SD unless otherwise stated. Subjective levels of appetitive motives during the MEG recordings were compared between the Fasting and 'HaraHachibu' condition by paired-t test. All the MEG variables under four conditions (food images in the Fasting condition, mosaic images in the Fasting condition, food images in the 'Hara-Hachibu' condition, and mosaic images in the 'HaraHachibu' condition) were compared using two-way ANOVA for repeated measures. A paired t-test was used to evaluate significant differences between the two conditions. Association of the intensities of MEG responses with the subscale and aggregated scores of PFS was evaluated using Pearson's correlation analyses in the Fasting condition and in the 'Hara-Hachibu' condition. Similarly, the relationship between the peak latencies in the Fasting condition and those in the 'Hara-Hachibu' condition was evaluated using Pearson's correlation analyses. The relationship between the intensities of ECDs in the Fasting condition and those in the 'Hara-Hachibu' condition was also examined using Pearson's correlation analyses. In addition, we examined association of the intensities of MEG responses in the 'Hara-Hachibu' condition with the amount (g) of rice balls consumed before experiment using Pearson's correlation analyses. All P values were twotailed, and values less than 0.05 were considered statistically significant. Statistical analyses were performed using the IBM SPSS 20.0 (IBM, Armonk, NY).
